HOW SAFE IS IT TO TAKE THESE ANTIBIOTICS FOR LONG PERIODS

INTRODUCTION
This document provides a summary of Frequently Asked Questions (FAQs) on the treatment of anthrax disease caused by a wide-area release of Bacillus anthracis spores as an act of bioterrorism. These FAQs are intended to provide the public health and medical community, as well as others, with guidance and communications to support the response and long-term recovery from an anthrax event.
The FAQs and answers were drawn from the following: a review of the primary public sources of health information for anthrax disease, including the Centers for Disease Control and Prevention (CDC), National Institutes of Health (NIH), and the Food and Drug Administration (FDA); public health and medical conference presentations and literature; and discussions with subject matter experts.
FAQs and answers are organized around the following three topics: 1) treatment protocols 2) efficacy of recommended medications 3) safety and potential adverse reactions to medication These FAQs were developed by Pacific Northwest National Laboratory for the Defense Threat Reduction Agency (DTRA) in support of the Interagency Biological Restoration Demonstration (IBRD). IBRD is a joint project of the Department of Defense (DOD)'s DTRA and the Department of Homeland Security, which is being conducted in the Seattle Urban Area and at Fort Lewis Military Base. This program will develop a blueprint for the recovery and restoration of large urban areas and DOD installations in the event of aerosol release of a biological agent.
TREATMENT PROTOCOLS
WHAT TREATMENT IS RECOMMENDED FOR INDIVIDUALS POTENTIALLY EXPOSED TO ANTHRAX?
The recommended protocol for protection against anthrax disease after potential exposure to aerosolized anthrax spores is 60 days of selected antibiotics in combination with 6-doses of anthrax vaccine. Ciprofloxacin, doxycycline, or levofloxacin are antibiotics approved by the FDA for prevention and treatment of bioterrorism-related anthrax in adults, pregnant women, and children. Additional guidance exists for use of the medications in pregnancy and children.
For individuals who have known exposure to anthrax but have no signs and symptoms of the disease, oral antibiotics should be taken with the vaccine. Ciprofloxacin and doxycycline are both recommend as the first line of defense. While Levofloxacin is FDA-approved for treatment of anthrax, there is less experience with the drug compared with ciprofloxacin and doxycycline.
If individuals are showing symptoms of inhalational anthrax, an intravenous multiple-drug regimen of ciprofloxacin or doxycycline and one or two other antimicrobials is recommended.
This treatment protocol was recommended by three major U.S. national advisory bodies: the Advisory Committee on Immunization Practices (ACIP) (CDC 2002) , the John Hopkins Working Group on Civilian Biodefense (Inglesby 2002) , and the Institute of Medicine (IOM 2001 Ciprofloxacin, doxycycline, or levofloxacin are antibiotics approved by the FDA for prevention and treatment of bioterrorism-related anthrax in adults, pregnant women, and children. Ciprofloxacin and doxycycline are both recommend as the first line of defense. Doxycycline may be less optimal if the patient has or is suspected of having meningitis because of poor central nervous system penetration. While Levofloxacin is FDA-approved for treatment of anthrax, there is less experience with this drug as compared with ciprofloxacin and doxycycline, especially with use over 28 days.
If individuals are showing symptoms of inhalational anthrax, an intravenous multiple-drug regimen of ciprofloxacin or doxycycline and 1 or 2 other antimicrobials is recommended.
Penicillins are not recommended as initial therapy for bioterrorism-related anthrax. If laboratory tests confirm that the specific strain of Bacillus anthracis is sensitive to the penicillin class of antibiotics (e.g. amoxicillin, ampicillin), while not FDA-approved, these drugs are safe and appropriately prescribed by a physician.
If first-line drugs are not available (e.g. supply or logistic problems because large numbers of individuals require treatment in a mass casualty setting), other fluoroquinolones (e.g. gatifloxacin, moxifloxacin, ofloxacin) are acceptable alternatives. These fluoroquinolones are not specifically recommended because of a lack of sufficient data on their efficacy. Some infectious disease authorities recommended preferential use of ciprofloxacin over doxycycline, plus augmentation with chloramphenicol, rifampin, or penicillin when meningitis is established or suspected. Because antibiotic resistance can be induced relatively rapidly in vitro, close monitoring of patients treated for anthrax is important to see if alternative antibiotics should be prescribed (Athamna 2004). 
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WHAT ARE THE RECOMMENDED ANTIBIOTIC DOSAGES FOR ANTHRAX TREATMENT?
The recommended antibiotic regimens for anthrax prevention and treatment are outlined in Tables 1 and 2 below. Those patients without symptoms should be started on oral antibiotics. Those patients with cutaneous and intestinal anthrax with subtle signs or symptoms of systemic involvement should be started on a three-drug intravenous regimen for inhalational anthrax in Table 1 . If intravenous ciprofloxacin is not available, oral ciprofloxacin may be acceptable because of rapid and excellent absorption from the gastrointestinal tract if vomiting or indigestion are not present. is a protein called "protective antigen" or PA, which helps the body make antibodies that neutralize the anthrax germ's ability to cause disease.
The anthrax vaccine can be used in two ways: to prevent infections of anthrax in people who are at high risk of exposure (e.g. veterinarians, specialized laboratory workers, military personnel) and as part of a treatment regimen following potential exposure to anthrax spores. The combination of 60 days antibiotics plus 3 doses of vaccine used in post exposure prophylaxis are very effective in preventing anthrax disease from occurring after an exposure.
Since the original license for production of the anthrax vaccine was issued in 1970, over 8 million immunizations have been administered to more than million individuals (Bienek 2009). 
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WHAT IS THE PROTOCOL FOR ANTHRAX VACCINATION?
The primary immunization series consists of three 0.5 milliliter injections given at day 0, weeks 2 and 4. An additional three doses of vaccine at months 6, 12, and 18 can be given to maintain efficacy. Following the initial six doses, annual 0.5 milliliter booster injections of the vaccine are recommended to maintain immunity to the disease if there is some risk of continued exposure.
The anthrax vaccine was originally developed for pre-exposure prevention of anthrax. While highly effective in post-exposure prevention when combined with antibiotics, the vaccine is currently not licensed for post-exposure use in a 3-dose regimen. A post-exposure treatment program would therefore be conducted under an Emergency Use Authorization (EUA) approval from the FDA after a declaration of emergency from the Secretary of Health and Human Services after extensive consultation with the NIH and CDC. Persons must be informed of "significant known and potential benefits and risks" and have the right to refuse the vaccine for themselves, their children or others without the capacity to consent (Nightingale 2007) .
In December 2008, the FDA approved a new 5-dose regimen of the anthrax vaccine for routine immunization of workers requiring pre-exposure prophylaxis (e.g. military personal, high risk laboratory workers). The 5-dose regimen drops the dose at week 2 and involves a change in the route of administration from subcutaneous to intramuscular. The new regimen appears to be associated with a lower incidence of local effects (Marano 2008); however the 6-dose regimen is still recommended for post-exposure prophylaxis, when earlier development of antibody resistance may be particularly important. 
WHEN MUST TREATMENT BEGIN FOR ANTHRAX?
Antibiotic treatment and the vaccine regimen should begin as soon as possible after exposure to aerosolized Bacillus anthracis spores. The longer treatment is delayed, the greater the risk of death. Anthrax vaccine should be offered within 10 days of exposure. Starting oral antibiotics within 24 to 48 hours of exposure to anthrax spores is strongly recommended. 
WHY ARE 60 DAYS OF ANTIBIOTIC TREATMENT RECOMMENDED?
Anthrax spores take an average of 7 days to develop into the harmful form of the bacteria inside the body, but can take longer. The 60 day course of treatment is recommended because studies in primates have demonstrated that anthrax spores can remain viable in the body for months before germinating and causing the disease (Kelly 1992, Kao 2006). At least 60 days was required for effective prevention.
Non-compliance with recommended treatment procedures can pose a serious health risk to those exposed to anthrax disease. The extent to which one is protected prior to completion of the full immunization and antibiotic schedule is unknown. If treatment stops too soon, the drug may not inactivate all the bacterial spores. The individual may become sick again, and the remaining bacteria may become resistant to the antibiotic taken. 
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SHOULD CHILDREN BE OFFERED ANTIBIOTICS AND VACCINATION IF ANTHRAX EXPOSURE IS SUSPECTED?
Children with known or suspected exposure to anthrax spores should be offered antibiotics, and may be given anthrax vaccine depending on the specific circumstances of the event and exposure.
The recommended antibiotic treatment for children is ciprofloxacin. Doxycycline is not generally approved for treating patients under 8 years old; however, due to the seriousness of anthrax disease, the American Academy of Pediatrics recommends doxycycline if antibiotic susceptibility testing, exhaustion of drug supplies, or adverse reactions preclude use of ciprofloxacin. See dosage table for more information.
Use of anthrax vaccine in pediatric populations in a post-event setting with a high risk of exposure is likely to be more helpful than harmful. Anthrax vaccine is not licensed for use in pediatric populations and has not been studied in children; however, the vaccine is probably safe and efficacious in children, based on experience with other inactive vaccines, such as tetanus (Inglesby 2002) . The FDA has an Emergency Use Authorization (EUA) to use anthrax vaccine in children that requires parents to sign a form (Nightingale 2007 Yes. The 60-day antibiotics and 6-dose anthrax vaccine regimen recommended for adults is also recommended for immunocompromised persons. Because of the seriousness of anthrax disease, medical experts believe treating immunocompromised persons with antibiotics and the vaccine minimizes the chances of developing anthrax in those that are more susceptible to infection The anthrax vaccine is an inactivated or killed vaccine, similar to a tetanus or flu shot. The vaccine can be given to any person regardless of immune status. 
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SHOULD PREGNANT OR BREASTFEEDING WOMEN RECEIVE ANTIBIOTICS AND VACCINATION IF ANTHRAX EXPOSURE IS SUSPECTED?
Yes. Pregnant and breastfeeding women with known or suspected exposure to anthrax spores should be offered 60 days of antibiotics and the anthrax vaccine.
Ciprofloxacin works well to prevent anthrax and is not likely to cause major problems for the fetus, but not enough studies have been done with pregnant women who have taken ciprofloxacin to say that there is no risk to the fetus (Friedman 2000 , CDC 2005 ).
Doctors are more certain that amoxicillin is safe for the fetus, but amoxicillin may not always work against anthrax. Before prescribing amoxicillin, health care providers will want to make sure that the strain of anthrax to which the individual was exposed can be treated by amoxicillin (CDC 2001a (CDC , 2005 . Doxycycline can sometimes cause problems for the teeth and bones of the fetus. The drug should only be used when there are concerns associated with use of either ciprofloxacin or amoxicillin (CDC 2005).
Ciprofloxacin, amoxicillin, and doxycycline are each excreted in breast milk. Both ciprofloxacin and amoxicillin are considered "usually compatible with breastfeeding" by the American Academy of Pediatrics. Short-term use of doxycycline by lactating women is not necessarily contraindicated, however, the effects of prolonged exposure to doxycycline in breast milk are unknown (AAP 2001) . Because all of these drugs are excreted in breastmilk, a breastfeeding woman should be treated or given prophylaxis with the same antibiotic as her infant based on what is most safe and effective for the infant.
It is not known whether anthrax vaccine is excreted in human milk; however anthrax vaccine must be injected to provide immunity to infection. Vaccinating breastfeeding women is considered less harmful than if the individuals become infected with a disease that this vaccine could prevent .
SHOULD INDIVIDUALS THAT HAVE RECEIVED THE ANTHRAX VACCINE PRIOR TO POTENTIAL EXPOSURE BE TREATED WITH ORAL ANTIBIOTICS?
Yes, individuals who have been partially or fully vaccinated should receive at least a 60-day course of antibiotics, complete the 6-dose vaccination regimen, and continue to receive annual boosters while working in a risk environment. They should be given antibiotics plus a vaccine booster.
Little data exists about the effectiveness of post-exposure antimicrobial treatment among exposed persons who have been partially or fully vaccinated. In the only human clinical trial of anthrax vaccine, cases occurred among participants who had received less than 4 doses (Pittman 2002 
SHOULD FIRST RESPONDERS BE VACCINATED FOR BIOTERRORISM PREPAREDNESS?
Emergency and other responders, including police departments, fire departments, hazardous material units, the National Guard and others, are not recommended by the Advisory Committee on Immunization Practices (ACIP) for routine pre-event anthrax vaccination. However, because the risk of exposure for first responders to anthrax is not zero, first responder units may choose to offer their workers pre-event vaccination on a voluntary basis. Some first responder groups have shown an interest in an anthrax vaccination program. 
REFERENCES
CDC. Use of anthrax vaccine in the United
ARE THERE ANY PROMISING NEW TREATMENTS FOR ANTHRAX DISEASE UNDER DEVELOPMENT?
One of the challenges associated with long-term antibiotic use is that negative side effects can occur and therefore treatment is often discontinued. Discontinuing antibiotic treatment presents a serious threat of infection to people exposed to anthrax as the spores can persist in the body for months before germinating and causing the disease. Vaccine research has also looked at the inclusion of an adjuvant in the formulation of the licensed anthrax vaccine BioThrax® AVA to increase immune response and the ability to use less antigen per dose or fewer doses to achieve protection. One promising group of adjuvants that is being investigated with a variety of vaccines and shown to be effective are oligonucleotide proteins (Mili Gua 2008) .
Future vaccine research efforts include developing a recombinant anthrax vaccine and anthrax monoclonal antibodies to block the anthrax toxin(s). It is projected that the next-generation vaccine will elicit a markedly increased anti-anthrax immune response within a shorter time period and consequently will enable easier inoculations of individuals working within high-risk areas.
Significant progress is being made in the commercial development of monoclonal and polyclonal antibodies that function as potent neutralizers of anthrax toxins. Several new products have completed Phase I clinical trials and are scheduled for addition to the National Strategic Stockpile. (Schneemann 2009 ). One of these new drugs, ABthrax or raxibacumab, specifically targets the toxins once they enter the bloodstream and could be used if antibiotic treatment was ineffective (Migone 2009 ).
ABthrax is a monoclonal antibody designed to attack and neutralize the toxin. Animal studies have shown ABthrax provides 100% protection if given before inhaling anthrax. One dose after exposure improves an animal's survival odds by 64%, even when administered after animals were already showing clinical symptoms as a result of inhalation exposure to massively lethal doses of anthrax spores. Human Genome Sciences, Inc (HGS), the developer of ABthrax, has completed safety studies of ABthrax in more than 400 human volunteers. The clinical results to date suggest that ABthrax was generally safe and well tolerated. 
EFFICACY OF RECOMMENDED MEDICATIONS
HOW EFFECTIVE IS THE RECOMMENDED COMBINED ANTIBIOTIC-VACCINE TREATMENT?
Combining prompt antibiotic prophylaxis and anthrax vaccination offers the best means of protecting individuals against inhalational anthrax. In a 2006 study, two groups of rhesus monkeys that were exposed to lethal levels of aerosolized anthrax spores. Both groups were given the antibiotic ciprofloxacin twice daily for 14 days, beginning 1-2 hours after exposure. One group also received three doses of anthrax vaccine after exposure. In the ciprofloxacin-only group, four of nine monkeys (44%) survived. In contrast, all 10 monkeys that received 14 days of antibiotic plus anthrax vaccine survived. Thus post-exposure vaccination enhanced the protection afforded by 14 days of antibiotic prophylaxis alone and completely protected animals against inhalational anthrax.  People with second-stage inhalation anthrax have a poor outcome, even with antibiotic therapy. About 60% of the patients in the U.S. 2001 outbreak who received early antibiotic therapy survived. Only 25% who received antibiotics >4.7 days after illness onset survived. Overall fatality estimates are incomplete but the rate is approximately 75% for those with inhalational anthrax and delays in therapy.
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 The prognosis of gastrointestinal anthrax is also poor. Between 25 and 60% of people may die from this disease. The role of early antibiotic treatment for this form of anthrax has not been defined.
A concern is the possibility that a future biological attack could involve anthrax strains that are resistant to currently recommended antibiotics. Antibiotic resistance can also occur when administering antibiotics to large numbers of people (Schneeman 2009 ).
HOW EFFECTIVE IS THE ANTHRAX VACCINE?
The National Academy of Sciences' Institute of Medicine in 2000 convened the "Committee to Assess the Safety and Efficacy of the Anthrax Vaccine" to examine the safety and efficacy of the licensed AVA vaccine. The Committee concluded that available evidence from studies with humans and animals, coupled with reasonable assumptions, shows that AVA as licensed is an effective vaccine for the protection of humans against anthrax toxicity from all known strains of Bacillus anthracis, as well as from any potential bioengineered strains anthrax ).
The Institute of Medicine (2002) concluded that the vaccine is "acceptably safe and effective" in protecting humans against anthrax toxicity from all known strains of Bacillus anthracis, as well as from any potential bioengineered strains. However, reliance on the vaccine alone after exposure is insufficient, as some protection is needed during the time required for an immune response to develop.
The data used to evaluate the efficacy of AVA come from three sources. Studies with wool mill workers tested the efficacy of AVA and a related vaccine against occupational exposures to anthrax spores. Serological studies with humans tested the ability of AVA to develop antibodies to protective antigen (PA), an indication of an immune response to the vaccine. Studies with animals tested the efficacy of the vaccine in protecting the animals from inhalational exposure to anthrax spores ).
The only study of the efficacy of the vaccine for humans was published in 1962 and the study examined the efficacy of an earlier formulation of the AVA. The study was carried out in mill workers that processed raw, imported goat hair, which was typically contaminated with anthrax spores. In this controlled study, 379 employees received the vaccine, 414 received the placebo, and 340 received neither the vaccine nor the placebo. Over the course of the study, 26 cases of anthrax occurred, 21 of which were cutaneous anthrax and 5 were cases of inhalational anthrax. Of the 26 cases, 3 occurred among vaccine recipients (2 incomplete inoculees and 1 complete), 17 occurred among individuals in the placebo group (2 incomplete inoculees and 15 complete), and 6 cases occurred in individuals who were not inoculated with the vaccine or the placebo. Very few the cases of inhalational anthrax occurred in persons who had received the vaccine. The overall effectiveness of the vaccine against anthrax infection was 92.5% (Brachman 1962) .
Findings from the immune response studies indicate that AVA administered by the licensed dosing schedule, as well as by schedules that omit the dose administered at 2 weeks as originally recommended, generated antibody response rates of 96 to 100 percent. Results from several animal studies provide additional evidence that the vaccine protects against anthrax with hundreds of times the lethal dose of anthrax by inhalation. Laboratory experiments indicate that AVA provides effective protection against inhalational challenge in rabbits and monkeys, the animal models in which the disease is most reflective of the disease in humans. When monkeys were exposed experimentally to doses of up to about 900 times the amount expected to kill half of the animals, 88 to 100 percent of the animals were protected (Fellows 2001; Ivins 1996 Ivins , 1998 Pitt 2001) .
SAFETY AND POTENTIAL REACTIONS TO MEDICATIONS
HOW SAFE IS IT TO TAKE THESE ANTIBIOTICS FOR LONG PERIODS OF TIME?
Long-term use of antibiotics appears safe for adults and children if needed for post-exposure anthrax prevention. A recent study of approximately 100,000 patients showed no increase in risk of adverse events from long-term use of ciprofloxacin, doxycycline, and amoxicillin (Meropol 2008) . Young adults have been taking doxycycline for long periods of time to treat acne, and ciprofloxacin has been used in children for extended periods to treat cystic fibrosis. However, individuals taking these drugs may experience some of the side effects common with antibiotic use, most commonly nausea, upset stomach and diarrhea. With ciprofloxacin, a case of kidney damage was reported in an individual taking that drug long term during the 2001 anthrax outbreak.
There is an FDA Alert regarding an increased risk of tendonitis from long term use of ciprofloxacin, levofloxacin, and other fluoroquinolones. Tendon rupture can happen while taking or after completing a cycle of these antibiotics. Ruptures have happened up to several months after patients have finished taking their fluoroquinolone. Medical professionals should be aware that they may be seeing increased occurrences of tendon ruptures among persons taking these antibiotics after an anthrax event.
HOW SAFE IS THE ANTHRAX VACCINE?
In October 2000, the Institute of Medicine convened the "Committee to Assess the Safety and Efficacy of the Anthrax Vaccine." After examining data from numerous case reports and epidemiologic studies, the Committee to Assess the Safety and Efficacy of the Anthrax Vaccine (2002) concluded that Anthrax Vaccine is reasonably safe.
The review indicates that following vaccination, recipients commonly experience some local events (e.g. arm motion limitation, redness, itching, swelling, or tenderness at the injection site), while a smaller number of vaccine recipients experience some systemic events (e.g. fever and malaise). These immediate reactions, and the rates at which they occur, are comparable to those observed with other vaccines regularly administered to adults. The committee found no evidence that vaccine recipients face an increased risk of experiencing life-threatening or permanently disabling adverse events immediately after receiving AVA, when compared with the general population. The committee did not find any convincing evidence that vaccine recipients faced an elevated risk of developing adverse health effects over the longer term, although data was limited in this regard (as they are for all vaccines) . Severe systemic problems are very rare and can include serious allergic reaction (less than once in 100,000 doses).
WHAT IS TREATMENT IS ADVISED FOR INDIVIDUALS WHO HAVE HAD ADVERSE REACTIONS TO THE RECOMMENDED DRUGS?
For post-exposure prevention and treatment of anthrax infection, medical professionals will weigh the risks and benefits of antibiotic treatment based on an assessment the individuals' circumstances and the likelihood of exposure to anthrax. If individuals who are believed to have been exposed have had severe, life-threatening reactions to the recommended antibiotics (i.e. ciprofloxacin and doxycycline) in the past, alternative treatments may be recommended by a medical professional. If individuals have had a mild, non-life threatening reactions to these antibiotics, medical professionals may recommend their use if they believe the antibiotics provide less risk than contracting the disease.
IS THE ANTHRAX VACCINE SAFE FOR CHILDREN, THE ELDERLY, PREGNANT WOMEN, AND THE IMMUNOCOMPROMISED?
There is limited research on the safety of the anthrax vaccine in populations beyond those for which the vaccine is licensed. The current vaccine is licensed for pre-exposure use in healthy, non-pregnant adults, 18-65 year olds, who have a high likelihood of coming into contact with anthrax. The vaccine is not licensed for post-exposure use or use for these populations. Emergency Use Authorization (EUA) would be required from the FDA after a declaration of emergency from the Secretary of Health and Human Services following extensive consultation with the NIH and CDC. However, there is no reason to believe that the vaccine would be unsafe for children, the elderly, pregnant women or the immunocompromised (Nightingale 2007 ).
For post-exposure prevention and treatment of anthrax infection, medical professionals will weigh the risks and benefits of vaccination in each of these populations based on the specific circumstances of an event and exposure prior to making a recommendation on use.
According to the Advisory Committee on Immunization Practices (ACIP), the use of AVA in pediatric populations in a post-event setting with a high risk of exposure to aerosolized Bacillus anthracis spores is not contraindicated; however, its use is considered a precaution.
The FDA does have special permission for emergency use of the anthrax vaccine in children under 18.
Because it is an inactivated or killed vaccine, similar to a tetanus shot, AVA cannot cause anthrax infections although there is some risk that immunocompromised individual may not respond.
Some research has been on completed on U.S. military service women who received the vaccine while pregnant. A large observational study examined the rate of birth defects among 37,140 infants born to service women who received anthrax vaccine in pregnancy between 1998 and 2004. This study showed that the number of birth defects in children born to women who had received the vaccine during the first trimester of pregnancy was roughly the same as in a similar group of women who had received the vaccine later in the pregnancy or even after the pregnancy. While the study showed that atrial septal defect (ASD) was slightly more common in first trimester-exposed infants when compared with infants of women vaccinated outside of the first trimester and compared to unvaccinated women, the finding was not statistically significant if cases of isolated ASD in preterm infants were excluded. (Ryan 2008) In most birth defects surveillance systems, ASD in premature infants is considered normal and is generally excluded as a defect ).
